Abstract
Introduction
Agricultural machinery is a sort of special product, which is operated by peasants with various abilities under different agricultural conditions. The reliability of machinery has an adverse effect on the annual agricultural earnings and a severe economic losses can be caused if the farm work can not be properly in the right season. At present agricultural machinery made in China in use have many problems in common such as more failures, more poor reliability and shorter service life compared to those made in developed countries. Some problems are inferior not only in performance but also in reliability in particular [1, 2] .
In the field of Agricultural machinery, most models for the research on the reliability are based on exponential distributions or Weibull distributions, and many methods used for parameter estimation of model are based on graphics or statistical analyses [3] .In fact, the tractor failure process is a stochastic process. Non-homogeneous Poisson process as a branch of the stochastic process is widely used in the software reliability [4] [5] [6] , and much work has been done on modeling the failure data of a repairable system and parameter estimation [7, 8] . But not much work has been done on the reliability of agricultural machinery using the non-homogeneous Poisson process so far. In agriculture machinery reliability experiment, limited by the time and cost, the necessary and sufficient failure data can't be obtained in many cases. The reliability estimation results based on the little amount of data reflecting the actual reliability level is objective and can't be ignored. In this case, it needs to use approximate method and complex solution process in order to get model parameters and reliability interval estimation. As a result, it is difficult to get a 
According to condition (Ⅲ), a Poisson process has stationary increments and also that
(2) Equation(2) explains why  is called the rate or the intensity of the process,that is , the mean number of events in unit interval.
An alternative definition of a Poisson process is given as the following. 
it can be shown that
that is,
is a Poisson distribution with the mean value
. When the intensity function ) (t  is a constant, the non-homogeneous Poisson process can be thought as a homogeneous Poisson process.
When the intensity function is
This Poisson process is proved to be a Weibull process. Here,
,  is a shape parameter and  is an intensity parameter.
For non-homogeneous Poisson process (NHPP), the sequence of the interval between failures is proved to be neither mutually independent nor identically distributive. That is, they are neither an exponential distribution nor independent samples from an identical distribution. Therefore any technique based on an independent identical distribution can not be used in a non-homogeneous Poisson process. But as a Poisson process, a non-homogeneous Poisson process also has independent increments.
Tractor Failure Process
Since the appearance of tractor failure at the instantaneous time
is stochastic, it can be taken as a random point along the time axis. Thus the failure process of a repairable system can be described by a stochastic point process. Suppose that the reliability of a tractor after repaired be the same as before repaired, we refer to the non-homogeneous Poisson process as the model of tractor failure process [1, 2] .
The Principle of Bootstrap Method

The Kernel Estimation Method
If there is no parametric form assumed for the intensity,a non-parametric estimation method is required. One such method is the kernel estimation method. It was assumed that [12] .
The Bootstrap and Resampling Method
The bootstrap was introduced in 1979 by Efron as a computer-based method for estimating standard errors [13] . Bootstrap methods depend on the notion of a bootstrap sample: the bootstrap data points It is assumed that
is the observations .The algorithm is as follows: 
Research on Regularity of Tractor Failures
The Failure Data of Tractors
The failure times used for illustration are the times of 113 failures for 10 tractors from a farm in Heilongjiang province, which are given in Table 1 . was given by Crow [15] ,and then the estimation value can be obtained :
To the observed information,it is possible to calculate ,and the plot is given in Figure 1 .From this plot it is seen that the intensity function is estimated to be a decreasing function which decreases from more than 0.0305 to about 0.0265, so tractors in early failure period. 
Interval Estimation
The intensity function for each 
The limits of these individual confidence intervals can then be plotted in figure 3 . The black curve in figure 3 is the point estimation value of tractors fault intensity, same with figure 1 ; the red and blue curves are the upper and lower limit of confident interval of tractor failure intensity.
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Non-parametric Estimation of the Failure Intensity
If no parametric form is assumed for the intensity, a non-parametric estimation method is required [9, 10] .Hence a non-parametric method will be subscribed for in parameter estimation .Therefore the failure intensity curve in non-parameter estimation is more close to the actual test process.
By the non-parametric estimation algorithm from 3.2,Using the resampling method, it is possible to produce a confidence region for the tractors data in Figure 6 . The black curve in figure 6 is the tractors fault intensity point estimation, similar to figure 4; The red and blue curves are the interval upper and lower limits of tractor failure intensity with 95% confident based on bootstrap.
Results
1. According to theoretical analyses and statistical testing, the tractor failure process is a non-homogeneous Poisson process; The failure intensity curves in working hours give a complete description of the regular of tractors failures in early period by the parameter estimation, further more the non-parameter estimation is given by bootstrap.
2. it is seen that the failure intensity function is estimated to be a decreasing function with time in parameter estimation, and the bathtub curve is the early period of mechanics in using .Wherever in non-parameter estimation, it is found that the failure intensity of the tractors is increasing during 0 to 1000 hour, therefore the process of design and manufacture of tractor need to be further improved.
3. Comparing cumulative failure intensity and actual cumulative failure times of the mean square error between the estimation of parameter and non-parameter, it is found that the MSE is much smaller in non-parametric estimation. Thus it is validated that the non-parametric estimation of tractor failure intensity is much closer to the actual test process.
